Recent evidence makes a compelling case that U.S. Army, Navy, and Air Force health-related physical fitness tests penalize larger, not just fatter, service members. As a result, they tend to receive lower scores than their lighter counterparts, the magnitude of which can be explained by biological scaling laws. Larger personnel, on the other hand, tend to be better performers of work-related fitness tasks such as load carriage, heavy lifting and materiel handling. This has been explained by empirical evidence that lean body mass and lean body mass to dead mass ratio (dead mass = fat mass and external load to be carried/lifted) are more potent determinants of performance of these military tasks than the fitness test events such as push-ups, sit-ups or two distance run time. Since promotions are based, in part on fitness test performance, lighter personnel have an advancement advantage, even though they tend to be poorer performers on many tests of work-related fitness. Several strategies have been proposed to rectify this incongruence including balanced tests, scaled scores, and correction factors -yet most need large scale validation. Because nearly all subjects in such research have been men, future investigations should focus on women as well as elucidate the feasibility of universal physical fitness tests for all that include measures of health-and work -related fitness while imposing no systematic body mass bias.
Specific test formats by service are shown in Table 1 and the minor differences between events (e.g., the sit-ups vs. curl-ups) can be found in the official service regulations regarding physical fitness tests (26) (27) (28) . The Marine Corps PFT was not listed since it includes a pull-up test for men and a flexed-arm-hang for women, two events not well-studied with regard to the present topic. Widely considered to be measures of health-related fitness (22) the events of these tests also are conducive to mass testing and require little to no equipment, a key feature for a military PFT that often involves the testing of hundreds of participants at one time. Annual testing is mandatory for every service member and PFT test scores are one of a number of determinants of promotion. The PFT, then, for each service member, is a high-stakes test with important consequences. Noteworthy, however, is the fact that although all three services also employ additional and distinct evaluations of body composition, each uses different assessment methods, evaluation standards, and administrative procedures. Therefore, this review focuses only on the body mass bias and occupational relevance of the performance-related fitness events shown in Table 1 .
BODY MASS BIAS
Paragraph 2. Research evidence suggests that the events of each of these tests impose a body mass penalty against larger, not just fatter, service members. Crowder & Yunker (7) used allometric scaling to determine that, in a sample of 238 fit and lean service academy male cadets, the combined score representing push-ups, sit-ups and two-mile run performance in the Army PFT (Table 1) imposed a systematic bias against larger cadets. The magnitude of this bias persisted in separate analyses of each event. In 59 male cadets from the same population, though a different sample, Vanderburgh & Mahar (30) reported 0.49 and 0.32 (p < 0.05) correlations between two-mile run time vs. body mass (M) and fat-free mass, respectively. Markovic & Jaric (21) , assessed the influence of body size on 18 common tests of movement performance, including the one minute push-ups and sit-ups tests, with 77 male physical education students (ages [18] [19] [20] [21] [22] [23] [24] [25] [26] . Their findings corroborated not only the existence but the magnitude of the body mass bias reported in the other studies (7, 30) . For example, they determined that the push-ups and sit-ups scores exhibited a significant and negative correlation with body mass and that multiplying these scores by M 1/3 produced an expression that exhibited zero correlation with body mass, thereby eliminating bias. (34) . For measures of maximal strength, the 2/3 body mass exponent has empirical support for young men and women (14, 15, 21) , and elite male and female powerlifters (33, 34) , but not in all cases. While 2/3 was within the 95% CI for the bench press, squat, and total lift for men and all events for women among elite powerlifters, the exponent for the men's deadlift was 0.480 + 0.050, with the 2/3 exponent not within the 95% CI (33) . The authors posited that the lower deadlift exponent may have been due to the influence of grip strength in that event and the finding that the grip strength exponent among adult men and women was 0.51 (29) . This finding for the men's deadlift was replicated elsewhere (9) . In a small sample of elite female world record holders in powerlifting, the bench press body mass exponent was 0.867 + 0.053, within which the 2/3 exponent was also not found (34) . This may have been due to the fact that only the current world record lifts (N = 9, excluding the heavyweight division, which had no upper weight limit), were considered in the allometric modeling. As such, the exponent, which also happens to be the slope of the best-fit curve, can be changed considerably based on one particularly superlative performance. These examples are illustrative of the variability of empirically derived exponents due to population specifications, sample size, training, and body composition. Nonetheless, the body mass exponent of 2/3 for strength measures has generally been well supported empirically (13) .
Paragraph 6. These body mass exponent values should not be confused with those obtained via isokinetic dynamometry, in which maximal torque (N . m) is measured, not force. Torque, the product of a force (proportional to body mass to the 2/3 power) and a length (proportional to body to the 1/3 power) should theoretically be proportional to body mass raised to the first power (13) . Indeed, investigations have determined the body mass exponents for torque to be no different from 1.0 for men (15) and elderly men and women, corrected for body fat (8) .
Paragraph 7. The push-ups, abdominal crunches and sit-ups events of the military PFT's are not, however, measures of absolute muscular strength. They are timed events measuring maximal number of repetitions with the resistance force being a fraction of one's body mass.
Accordingly, Jaric et al. (16) proposed that since the force needed to perform these exercises was directly proportional to body mass raised to the 2/3 power, and indirectly proportional to body mass, then test performance should be proportional to body mass raised to the 1/0.67 or -1/3
power. Empirical evidence supports this notion. Crowder and Yunker (7), in the aforementioned sample of 238 fit, young, male military academy cadets, determined that -1/3 was within the empirically derived body mass exponent's 95% CI for push-ups (-0.18 --0.58) and nearly for sit-ups (-0.12 --0.32) performance. For 77 male physical education students,
Markovic & Jaric (21) concluded that push-ups and sit-ups performance should be normalized using the body mass exponent of -1/3. This means that, since body mass is negatively correlated with push-ups and sit-ups performance, the maximal number of repetitions should be multiplied (6, 7, 26) and young adult men and women (24) . In this latter investigation, the body mass exponent determination was not an objective but was instead derived by the present author based on available data presented. Providing credit for body mass may appear inappropriate if the fat mass constitutes a large percentage of the body mass. Recent evidence, however, makes a compelling case that body fat actually penalizes the T . M -1/3 values because the increase in run time due to fat is significantly larger than the handicap gained by the excess weight (6, 37).
Paragraph 10.
Of key importance is the lack of published data on empirically derived exponents for women especially in the push-ups, sit-ups and distance run events. This may have been due, in part, to the relatively small percentage of women available in military units where much of such data collection has occurred. Others have expressed difficulty in seeking women subject volunteers at road races where body mass was to be measured (6) . Nevertheless, given the similarity of body mass exponents for powerlifting events of strength between men and women (33) as well as those of VO 2peak (12, 24) , one could readily hypothesize that body mass exponents for other fitness tests should be similar between men and women.
Paragraph 11. The impact of such body mass bias in the military physical fitness tests has been quantified. Vanderburgh & Crowder (36) calculated the difference in test scores between lighter and heavier men (60 vs. 90 kg) and women (45 vs. 75 kg) associated with physiologically equivalent performances. "Physiologically equivalent" was defined, for example, as the expected value of push-ups, sit-ups, or distance run score for a 90 kg man who was an exact scale model of himself but as a 60 kg man. Analyses indicated that the heavier service members' scores were 15 -20% lower than their lighter counterparts and that this difference could be explained by body mass and not body fat differences. Because physical fitness test scores are an important element in the consideration of promotion, this body mass bias may be large enough to impose an unfair promotion disadvantage against larger men and women. Table 2 summarizes the body mass bias and exponents for common fitness tests of aerobic power, muscle strength, and muscle endurance and includes the resulting scaling expression that allows comparison of individuals or groups in a way that essentially eliminates the bias.
Paragraph 12. The consistent trend for body mass bias of the fitness tests events shown in Table   1 does not mean, however, that performance improvements are evidenced only with weight loss.
In fact, Kraemer et al. (18) demonstrated that, in untrained women, a six-month resistance training protocol exercising all major upper and lower body muscle groups in power-type movements led to significant improvements in push-ups, sit-ups, and two-mile-run scores with a concomitant increase in body mass, explained at least partially by modest gains in lean body mass. In another investigation, Kraemer et al. (19) reported that total body resistance training plus endurance run training improved push-ups, two-mile run time, and loaded two-mile run time (carrying the standard load of soldier in the field: a 44.7 kg backpack while wearing boots and battle dress uniform) with no change in body mass. Such a training effect does not violate the laws of biological similarity because the trained individual is no longer a scale model of him or herself from the untrained or pre-trained state. examined the extent to which anthropometric and fitness variables explained variance in performance of simulated free carry and stretcher carry tests. While the optimal regression equation for the free carry contained the predictors of standing broad jump, lean body mass, dead mass (total weight lifted plus fat mass), 20m sprint time, push-ups, sit-ups and grip strength (R = 0.89), the lean body mass to dead mass ratio (LBM/DM) alone yielded correlations of 0.87 and 0.85 for the free carry and stretcher carry, respectively. Interestingly, this index, LBM/DM favors larger, leaner personnel, given that the external weight to be carried (i.e., the casualty) is independent of one's own weight.
Paragraph 15. This importance of LBM/DM as a determinant of load carriage was examined by
Lyons et al (20 and power were more predictive of criterion task performance than were relative measures (those in which the primary resistance was body mass, e.g. push-ups, sit-ups). Furthermore, fat-free mass, the single most potent anthropometric predictor, was positively correlated with performance of each test. Finally, push-ups, sit-ups and estimated aerobic capacity (in this case a surrogate for distance run time), were moderate to poor predictors of criterion performance. Table 3 , evidence suggests that performance of physically demanding military tasks is well-correlated with absolute measures of physical performance and lean body mass and moderately correlated with performance tests such as those used in the U.S. military physical fitness tests. In other words, while the ability to moves one's weight either in a muscular endurance or aerobic power event contributes to some success in certain physically demanding military tasks, the ability to exhibit absolute amounts of muscular strength and endurance (i.e. repetitions of fixed external weights) and aerobic power (i.e. absolute VO 2peak ), are even stronger determinants of military occupational fitness. Additionally, the evidence consistently indicates that performance of occupationally relevant military tasks favors larger personnel yet the physical fitness test events favor the smaller. Therefore, this body mass bias tends to reward the better performers on the high stakes physical fitness tests of health-related fitness and penalize the better performers of occupationally relevant physically demanding tasks.
STRATEGIES AND REMEDIES
Paragraph 19. The apparent incongruence between physical fitness test and occupational task performance has been addressed via potential remedies in the literature. These include: balanced tests, scaled scores, and correction factors though the intent of each is generally to remove body mass bias, not use tests that are advantageous to heavier personnel. This is because zero body mass bias is clearly between that of the bias against heavier personnel in the healthrelated physical fitness tests and the bias against lighter personnel of the occupationally relevant tests. Given the defensible notion that health-related fitness and occupational fitness are both desirable, a zero body mass bias test appears to be a reasonable remedy. and an absolute amount of additional mass that is constant between individuals. In this case, the event is a timed, distance run test with a backpack that mimics the load soldiers would be expected to carry in training or wartime situations. The model, based on actual distance run time data from 59 lean, fit service academy male cadets, was developed using metabolic equations to estimate the run speed of carrying additional loads. As load increased from zero to 40 kg, the body mass bias went from positive (against heavier personnel, as in a typical distance run) to zero. At 20 kg, the body mass bias was not significantly different from zero. Based on modeling of actual distance run times, these results make a compelling case that, at some level of load, the body mass bias would be zero. While this backpack run test demonstrates apparent face validity by closely simulating a physical performance skill that has occupational and health-related fitness relevance, it has neither been field tested nor validated with large samples. Furthermore, though it does require equipment that each service member would be expected to have, the injury risk of training for such a load carriage test may increase to unacceptable levels (17) . Table 1 , another remedy has been proposed that simply removes the body mass bias of the Table 1 test scores (13, 21, 29) . This "scaling" solution entails dividing the raw score by body mass raised to a certain exponent and are those previously discussed and shown in Table 2 . Those achieving the best scaled scores in a unit could be considered the most fit overall for health and occupational purposes. This is based on the shifting of the disadvantageous body mass bias away from heavier personnel not to lighter but to a point of zero bias, the midpoint. points. This represents a 7% improvement over the non-corrected score.
Paragraph 25. The use of correction factors is not new to sport or fitness testing. The sport of powerlifting uses the Wilks correction factor to compute the best overall lifter of a meet, across all body weight divisions. While the Wilks algorithm is based on a second order polynomial model, it has been shown to appropriately remove body mass bias in nearly the identical manner as the allometric model, upon which the 2/3 body mass exponent is based (33) . A recently published (37) and validated (6) handicap model, yields a correction factor for 5K run time based on one's body mass and age. This handicap allows physiologically valid comparisons between individuals of differing age and body mass. That is, the correction factor allows credit for the decrement in performance expected by the independent effects of age and body mass, not the confounding effects of lifestyle, effort, or body composition.
Paragraph 26.
Correction factors applied to military fitness testing, however, create a situation in which everyone's score either remains unchanged (for lighter personnel) or improves (for heavier personnel). This disrupts the normative bases upon which score standards have been established (26) (27) (28) . To maintain normative-based standards, a re-scaling of scores based on correction factors should be considered (38) . For criterion based standards of occupational fitness, however, future research investigating the threshold levels of corrected scores below which occupational fitness would be generally insufficient to perform physically demanding work tasks is recommended.
SUMMARY
Paragraph 27. The body of research evidence, especially for men, makes a compelling case that the current physical fitness tests of the U.S. Army, Air Force, and Navy are unduly advantageous to lighter personnel. Most physically demanding military tasks, however, are better performed by those with larger lean body mass -the same individuals who tend to be penalized by the highstakes physical fitness test scores. Given that these tests are measures of health-related fitness and that occupational fitness is better measured via load carriage, lifting, and/or materiel handling tests, the removal of body mass bias appears to a reasonable "middle ground" remedy.
Although balanced fitness tests, scaled values and/or correction factors can remove this bias, none is without limitations. Future research should focus on women as well as the development of test events that are fair, practical, and predictive of fitness for work and health for all military personnel.
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